JOURNAL OF KUFA-PHYSICS

www.uokufa.edu.ig/journals/index.php/jkp | ISSN:2077-5830

The Effect of adding First Order Aberrations To Third Order
Aberrations on Point Spread Function for Triangular Aperture

“Widad Hamza Tarkhan Ahlam Habeeb Hussien Areej Saeed Abdul Shaheed
Universityof Kufa/ Education College for Girls/ Physics Department
“Corresponding Author E-mail: Widadh.alamiry@uokufa.edu.ig

ARTICLE INF ABSTRACT
Article history: In this work, Point Spread Function (PSF) for triangular aperture
Received: 12 DED, 2019 was studied, in case of ideal optical system, also_ln case of presence
Accepted: 25 MAR, 2020 first order aberrations (focal error and tilt aberration) and third order
Available Online: 16 SEP, 2020 aberrations (spherical ,coma, and astigmatism aberrations) individually,

and for the same values of aberration factor (W=0.1A .....0.5 X ) for
angle of rotation (y =0).

First order aberrations were added to third order aberrations, to
obtain the best balance and to reduce the curve width of the (PSF), and

Keywords: to increase the Strehl ratio, like adding a tilt aberration to the coma
aberration and adding focal error to spherical aberration and

Point spread function astigmatism aberration.

First order aberrations

Third order aberrations There are some aberrations effects impact negatively on point

Triangular aperture spread function, such as focal error with coma aberration and tilt

aberration with spherical aberration.

DOI: http://dx.doi.org/10.31257/2018/JKP/2020/120104

Al Aaciat A dadtl) iy Ay o 4B 45,0 £ 55 () A6 A0 £ ) AdLa) 8l

SRR Y T8 O i aa) RESEBTENRIRY
L 3l and/liall Ay ) IS /A8 <) Al

doalidal) cilalgl) A
Aphaaill Lz all ¢ 25ally 2daa (5 jan allail (Aila davial dadasil) LEEY) Alls Al o Gl 1aa b o

NENERS N AN § s (LY fas sl Lasll) VYIRS ¢ g5 asm s dlla b IS,
T ) il 355y (o S 55 ) S )
(p=0) Olos Al 315 «(w=0.1 A....0.5 1) &V

O 55 Juadl (Ao J gmanll A3 4550 & o) (A (A il & 50 ) A8l o3
A8l 5 o idall g 3N (M ALY &) Adlal Jie o i dpes 30l ) 5 Allall  Saial) (g je A
oo b 158l 55§ 53l G dllia o) 5SIY) &5 oS @l ) sl Uaal
(s oS l ae ALY a5y il i N ae gyl Uadldl (i ddaill L) i

23


mailto:Widadh.alamiry@uokufa.edu.iq
http://dx.doi.org/10.31257/2018/JKP/2020/120104

Widad Hamza Tarkhan, Ahlam Habeeb Hussien, Areej Saeed Abdul Shaheed

JOURNAL OF KUFA-PHYSICS | Vol. 12, No. 1 (2020)

1. INTRODUCTION

Many optical designers used aberration
curves to explain the state of correction of an
optical system , because these curves grant a
designer important details about the relative
contributions of individual aberrations to lens
Action [1]. The rays that emitted from a point
object do not focus at one point, with the result
that the picture is blurred. The departures of real
pictures from the ideal model are called
aberrations [Y ].

In this work, we will study the adding first
order aberration with third order aberration to
improve image quality, which improve the
performance of the optical system.

Many researchers studied balance of
aberrations on different apertures. In 1997,
Ali.H. Abdul. Munaim, used different shapes of
apertures (including triangular aperture), new
formulae for the variance were derived and the
optimum balance aberration coefficients were
calculated. [3]. In 2011, Rafael. Navarro. et.al,
studied the wave front passing through different
pupil stop shapes (annular, semicircular,
elliptical and triangular) [4]. In same vyear,
Azhr. A.Raheem. et.al, studied the effect of
aperture shape on the formed image for the
system contains Gaussian filter, the aperture is
used in different shapes (circle ,square, triangle)
[5].While in Y012, Azhr. A.Raheem, discussed
effect of the multiple synthetic aperture on
linear spread function using optical system
contain high degrees of aberrations [6]. In 2019,
Farah.M. Faisal Hussein and Sundus .Y. Hasan,
studied the optimum balance of aberrations on
point spread function for annular eccentric
circular aperture [7].

2. The Equation of Point Spread Function
(PSF)

The point spread function can be defined as
the intensity distribution at the image plane of a

Specific optical system [8], the pupil function
can be written as the following [9]

fx,y) = t(x, y)etw ) (1)

T(x,y): represents the real amplitude
function distributed in exit pupil and it is called
"pupil transparency" often equals one unit if the
illumination is uniform,

elkWy): the wave front of aberration
function, w(x,y) : the aberration factor.

We can express the complex amplitude in
the point (u, v) in the image plane by using
Fourier transform to pupil function [8,9,10]

1 .
Faw) = [ [ rooy ety @)
y x

Where F(u,v) represent complex
amplitude in point (u ,v) , (A) represent the exit
pupil area,

f(x,y): pupil function

The intensity in the Point Spread Function
is calculated by multiplying the complex
amplitude by the complex conjugate.

G(u,v) = |Fu,v)|? = F(u,v).Flu,v)* (3)
PSF = G(u,v)

2

—nf|[ [ remermemaxay| @

y X
Where (n.f) : normalization constant.

Assume that z=2mu and 2mv=m the
equation (4) becomes:

PSF = G(z,m)
2
—nf || [ feypeemaxay| o)
y x
Because of The intensity distribution on the
two axes( z, m): are symmetric, we can take it to

one axis only, let (m = 0); therefore, the
equation (5) becomes as follows:
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PSF =G(z) =
. 2
n.f|f, [ £ y)el® dxdy| (6)
3.Triangular Aperture

The boundaries of the triangular aperture is
defined by the equilateral triangular pupil
aperture with the normalizing area (m ) , the
length of horizontal side (2x) and The distance
from the middle of the base to the head is (2y).
Thus, the area of the triangle, as follows:

A=2xy=m
From this figure, we find that,
2
tanf = nid
X

V3
— X

tan60 =vV3 - y = .

REHA=2xy=m > X =-=
2y

s~y =+11.16634
(0,1.16634)
b
A
2y
_ )
(-x ,-1.16634) X X
a
C
Fig. (1) Triangular aperture

The equation for the line (ab) is,
_ y—1.16634
T3
When applying the limits of integration to
eq.(6) will be:
PSF

y—-1.16634 2
1.16634 V3

f(x,y)e'™dxdy| (7)

-1.16634 _Yy—1.16634

V3
4. The Equation of Aberration

=n.f

The wave front aberration function can bhe
written as a series of terms [11]

W=W(o,r,®) =) W0 r'cos™ @ (8)

Where Wy is the aberration factor, G is
principal ray height from optical axis in exit
pupil, r is the radial distance of wave in exit
pupil, and @ is the angle between r and x axis,
while k;, I, and m represent powers of o, r, and
@ respectively. equation (5) can be written as [
12,13]

W =W (o2 r% or cos®) = Wy + Woor?
+W;110 1 cos® + Wyyor* + Wyz,0 13 cos®
+W55,6%1r?% cos?® + W,yo02r?

+ W31,0%r cos® (9)

The first term should be zero since the
reference wave and the front wave are coherent
on the optical axis [Y4], the second and third
terms represent the (focal error and tilt
aberration), while last five terms represent the
(spherical ,coma, and astigmatism aberrations)
respectively .

When we used the Cartesian coordinate: (x
, Y): x=r sin®@ , y=r cos @ , And the
Cartesian coordinates are rotated by an angle s,
aberration function take the form [15]:

W(x,y) = Wyyo(x? + y?) (Focal Error)
W (x1,y1) = Wiyq (xsing + ycosy)
(Tilt Aberration )

W(x,y) = W040(x2 + }’2)2
Aberration)

W(xy,y1) = W131(x2 + }’2) (xsiny + ycosy)

(Coma Aberration)

(Spherical

W = Wy, (x%sin?y + y2cos? Y + xysin2y)

(Astigmatism Aberration) (10)
¢. Results And Discussion

Equation (7) represents point spread
function  for  triangular  aperture, was

programmed by using MATLAB code.
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Three cases were studied in this work, the
first is aberration free system, the second with
present different types of aberrations (first and
third order aberrations) with the aberration
factor (W=0.11, 0.2 2,0.3 A,0.4 1,0.5 1 ) and
angle of rotation ([1=0), and the last case is
balancing first order aberrations with third order
aberrations, as follows:

5.1.PSF with First Order Aberrations
(Focal Error and Tilt Aberration).

According to the figures in this research
,the maximum value of central intensity (Strehl
ratio) of point spread function for triangular
aperture equal(1) because of the normalization
with ideal optical system.

Fig. (2) shows the effect of focal error on
(PSF), and its obvious that the central peak is
decreased to (0.854) when (W= 0.1 1), and it
continued decreasing till it reached a value of
(0.114) when (W= 0.5 X). Fig. (3) represents
the effect of tilt aberration (W11) on the point
spread function of a triangle aperture, and its
observe that the central peak is decreased to
(0.887) when (Wyp= 0.1 A), and it still
decreasing till it reached a value of (0.058)
when (W= 0.5 X). Tilt aberration leads to
reducing the half width curves, but, secondary
peaks appeared when ( W1;=0.4 1 ,0.5 A).
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Fig.( 2) : PSF for triangle aperture of optical
system, different values of W (focus error).
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Fig.(3): PSF for triangle aperture of optical
system, different values of Wy, (tilt aberration).

5.2. PSF with Third Order Aberrations
(Spherical ,Coma  And  Astigmatism
Aberrations)

Fig. (4) indicates the effect of spherical
aberration ( W4) on the point spread function of
a triangular aperture , its appear that the central
peak is decreased to (0.598) when (W= 0.1 1),
and it continued decreasing till it reached a
value of (0.205) when (W= 0.5 A). Fig. (5)
represents the effect of coma aberration (W3;)
on the point spread function of a triangle
aperture, and its explain that the central peak is
decreased to (0.793) when (W3= 0.1 A), and it
continued decreasing till it reached a value of
(0.134) when (W3;= 0.5 A). Fig. (6) represents
the effect of astigmatism aberration (W,;) on
the point spread function of a triangle aperture,
and its express that the central peak is decreased
to (0.937) when (W5= 0.1 1), and it continued
decreasing till it reached a value of (0.173)
when (W5,= 0.5 1).

Fig. (7) shows the point spread function
with every single aberration of first and third
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order with value of (W= 0.1 1), and is clear that
the less, effecting one is the astigmatism
aberration where the half width curve has the
less value, and central .peak is the heightest one.
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Fig.( 4): PSF for triangle aperture of optical

system, different values of W, (spherical
aberration)
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Fig.(5): PSF for triangle aperture of optical
system, different values of WSs; (coma
aberration)
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Fig.(6): PSF for triangle aperture of optical
system, different values of W, (astigmatism
aberration)
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Fig.(7): PSF for triangle aperture of optical
system, every single aberration when (Woy,
W11, Wao, W31, W2, =0.1 1)

5.3. Balancing Aberrations

a. presence Focal Error (W) with (W,
W3, and sz)
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when adding focal error to different types
of third order aberrations. we got figures (8 to
10).

Fig. (8) shows that Strehl ratio will be
better when adding Wy to W4 as compared
with those of fig. (4) for the presence of Wy
only. Thats mean that Wy can balance
spherical aberration and reduce its effect on
optical system. The same thing when adding
Wy to Wy, as obvious in fig. (9) when
compared with fig. (6), while fig. (10) shows
that focal error doesn’t balancing with coma
aberration, and in reverse its presence will
increase the amount of aberration i.e. decrease
that strehl ratio.
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Fig.(9): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W22=-Wp)

Fig. (8): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W20= -Wiao)
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\Fig( 10): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W31= -Wo)

b. presence Tilt Aberration (Wi1) with
(W0, W31 and Wp,)
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when adding tilt aberration to different
types of third order aberrations. we got figures
(11 to 13).

Fig. (11) shows that Strehl ratio will be
better when adding W1; to W3, as compared
with those of fig. (5) for the presence of Wy
only. Thats mean that Wy, can balance coma
aberration and reduce its effect on optical
system. while fig. (12 ) shows that tilt
aberration doesn’t balancing with spherical
aberration, and in reverse its presence will
increase the amount of aberration i.e. decrease
that strehl ratio. The same thing when adding
Wi to W, but the secondary peaks are
appeared clearly when (W= -Wy11=0.3 ).
as in fig. (13).
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Fig.( 12): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W11=-Wyo)
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Fig.( 11): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W31= -W1y)

Fig.(13): PSF for triangle aperture of optical
system, different values of balanced aberrations
(W= -Wyy)

6- Conclusions

1- Astigmatism aberration is the less
effecting on the point spread function,
Compared to other aberrations Comparison
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2-When adding focal error to third order
aberrations, focal error can balance spherical
and astigmatism aberration, while focal error
can’t balancing with coma aberration.

3- When adding tilt aberration to third order
Aberrations, tilt aberration can balance coma
aberration, while tilt aberration can’t balancing
with spherical and astigmatism aberration.
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